Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) accounts for 75% to 85% of primary liver cancer, which is the sixth most common cancer and the fourth leading cause of cancer-related mortality worldwide.[@CIT0001] Nowadays, surgical resection and liver transplantation remain the mainstay of curative approach for HCC. However, the 5-year recurrence rate is as high as 70% after surgical resection and even 25% after transplantation.[@CIT0002],[@CIT0003]

Microvascular invasion (MVI) is defined as the presence of cancer cell clusters in the branch of portal vein under the microscopy.[@CIT0004] MVI is an extremely important independent risk factor of postoperative HCC recurrence after curative therapy.[@CIT0005]--[@CIT0009] MVI can not only help clinicians to develop therapeutic schedules after surgery, but also guide surgeons on whether to perform liver transplantation beyond Milan Criteria, anatomical liver resection and widening of the surgical margin.[@CIT0010]--[@CIT0013] However, in current clinical practice, the diagnosis of MVI still depends on the pathological examination after liver resection or transplantation.[@CIT0004] Therefore, an accurate preoperative prediction is of great importance for clinical decision-making in choosing the best strategy to manage the individual HCC patient.

Many efforts on preoperative prediction of MVI have been made in recent years. Radiomic analysis of contrast-enhanced CT and gadoxetic acid-enhanced MRI was applied for the prediction of MVI;[@CIT0014]--[@CIT0016] besides, some teams evaluated the risk of MVI based on the ultrasound-related radiomics score.[@CIT0017],[@CIT0018] However, all of these models relied too heavily on imaging data and did not include inflammatory indices. Inflammatory indices are reflective of the systematic inflammation which play an essential role in cancer development and progression.[@CIT0019]--[@CIT0021] Also, clinical studies showed that inflammatory indices can be used to predict the prognosis and the presence of MVI.[@CIT0022]--[@CIT0027] Therefore, it is necessary to combine inflammatory indices into the predictive models. The objective of our study was to develop nomograms based on imaging data as well as serum inflammatory data for MVI preoperative prediction in HCC.

Methods {#S0002}
=======

Patients {#S0002-S2001}
--------

With the approval of the Xiangya Hospital of Central South University, we retrospectively collected the data of HCC patients who underwent partial hepatectomy between January 2014 and December 2018. The study was conducted in compliance with the Declaration of Helsinki and relevant policies in China. Written informed consent was obtained from all patients for their data to be used for research. Patients did not receive financial compensation. The inclusion criteria were as follows: (1) patients were above 18 years; (2) underwent surgical resection; (3) pathological diagnosis of HCC with or without MVI. MVI was diagnosed as the presence of cancer cell clusters in the branch of portal vein under the microscopy. Diagnostic criteria were based on Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China (2017 Edition);[@CIT0004] (4) imaging data and serum inflammatory data were obtained before surgery. The exclusion criteria were as follows: (1) patients were less than 18 years; (2) patients were diagnosed as metastatic tumor before; (3) unclear diagnosis of HCC with MVI or not; (4) imaging data and serum inflammatory data were unavailable.

Clinicopathologic Variables {#S0002-S2002}
---------------------------

Patients' demographic variables, including age, sex, body mass index, history of diabetes, hypertension, hepatitis B, and hepatitis C were obtained based on discharge diagnosis. Patients' imaging data from contrast-enhanced MRI, contrast-enhanced CT and ultrasound were also reviewed. The following parameters were recorded: number of tumor nodules, tumor size, hypersplenotrophy, ascites and cirrhosis. Serum examination included indocyanine green retention rate at 15 mins (ICG-R15), serum α-fetoprotein level (AFP), carcinoembryonic antigen (CEA), cancer antigen 199 (CA199), hepatitis be antigen (HBeAg), albumin (ALB), total bilirubin (TBIL), direct bilirubin (DBIL), alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), prothrombin time (PT), prothrombin activity (PTA), international normalized ratio (INR), neutrophil, lymphocyte, monocyte, platelet, hemoglobin, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), AST-to-platelet ratio index (APRI) and AST-to-neutrophil ratio index (ANRI). In this study, NLR was calculated by the neutrophils count divided by lymphocytes count; PLR was calculated by the platelets count divided by lymphocytes count; LMR was calculated by the lymphocytes count divided by monocytes count. APRI was obtained using the following formula: APRI = \[AST level (/ULN)/Platelet counts (10^9^/L)\] × 100. ANRI was measured by AST divided by neutrophil count.

Statistical Analysis {#S0002-S2003}
--------------------

Receiver operating characteristic curve analysis was used to calculate the optimal cutoff values based on the maximum of the Youden index. Continuous variables were expressed as mean ± SD and compared using the Student's *t*-test. Categorical variables were expressed as frequency and compared using the chi-square test or Fisher exact test. Factors were subjected to multivariate logistic regression analysis to identify the independent MVI predictors if their P values were less than 0.05 in the univariate analysis. According to the independent MVI predictors, a nomogram was formulated by using EmpowerStats software and the *rms* package of R, version 3.0 ([<http://www.r-project.org/>]{.ul}).[@CIT0028],[@CIT0029] Concordance index (C index) was employed to quantify the discrimination of the nomogram and a calibration curve with 1000 bootstrap samples was employed to measure the accuracy of the nomogram. The decision curve analysis (DCA) was conducted to evaluate the clinical utility of the nomogram through quantifying net benefits against a range of threshold probabilities. All analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA), EmpowerStats, State SE and R 3.1.2 software (Institute for Statistics andMathematics, Vienna, Austria).

Results {#S0003}
=======

Demographic Characteristics {#S0003-S2001}
---------------------------

A total of 513 HCC patients were enrolled in the present study, including 449 males and 64 females. The average age was 52.02±11.5 years old. Two hundred and thirty-two (45.2%) patients were complicated with MVI according to histopathological reports. About 84.2% of HCC patients was accompanied with hepatitis B virus infection, 2.3% with hepatitis C virus infection and 13.5% had no evidence of hepatitis. About 17.7% of patients suffered from hypertension and 7.4% suffered from diabetes. Univariate analysis showed that patients with MVI shared similar demographic characteristics to patients without MVI ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics Of Patients Compared On The Basis Of Tumor Microvascular Invasion (MVI)VariablesAll Patients (n=513)MVI-Positive (n=232)MVI-Negative (n=281)P-ValueDemographics and history Age (years)52.02±11.5151.18±11.8052.71±11.240.133 Sex Man4492062430.502 Woman642638 BMI22.93±3.0822.67±3.1023.15±3.060.159Diabetes Yes3812260.091 No475220255Hypertension Yes9139520.644 No422193229Etiology HBV4322012310.237 HCV1239 Others692841Preoperative blood tests ICG-R15 (%)6.79±7.147.50±8.786.20±5.350.141AFP (ng/mL) ≤15525092158\<0.001 \>155263140123 CEA (ng/mL)2.73±3.772.92±5.152.57±1.940.315 CA199 (ng/mL)26.47±27.5226.85±25.9926.17±28.700.809HBeAg Yes3211541670.136 No18174107 ALB (g/L)40.90±4.5540.93±4.4240.88±4.650.897 TBIL (μmol/L)14.49±10.4815.50±13.0413.66±7.690.048 DBIL (μmol/L)6.58±6.477.24±7.876.04±4.980.037 ALT (U/L)43.31±40.0545.40±48.7441.58±31.090.282 AST (U/L)50.93±46.0158.41±56.8144.75±33.520.001 ALP (U/L)116.89±60.12118.86±52.92115.53±65.500.792 PT (s)13.86±5.3813.64±1.2814.05±7.180.383 PTA (%)96.92±14.1596.47±14.2797.30±14.070.509 INR1.07±0.101.07±0.101.07±0.100.612 Neutrophil (10^9^/L)3.43±2.113.56±1.523.33±2.490.219 Lymphocyte (10^9^/L)1.52±0.991.41±0.561.63±1.220.015 Monocyte (10^9^/L)0.82±1.710.75±1.520.88±1.860.380 Platelet (10^9^/L)158.10±74.27164.53±69.11152.79±78.000.075 HB (g/L)142.44±61.34141.21±19.81143.47±81.020.679 NLR2.61±1.742.94±2.052.34±1.37\<0.001 PLR118.36±69.43128.89±64.17109.65±72.450.002 LMR3.36±2.173.05±1.433.62±2.600.003 APRI1.35±5.561.17±1.041.50±7.450.499 ANRI18.00±18.5418.86±18.9917.29±18.160.341Preoperative imaging Tumor number Solitary4422002421.000 Multiple713239 Tumor size (cm)6.29±3.917.62±4.215.19±3.25\<0.001Splenomegaly Yes7635410.901 No437197240Ascites Yes17980.622 No496223273Liver cirrhosis Yes3051391660.857 No20893115[^2][^3]

Univariate And Multivariate Analysis Of MVI-Related Factors {#S0003-S2002}
-----------------------------------------------------------

In consideration of the significant variation of AFP value, we plotted the receiver operating characteristic (ROC) curve to determine the AFP cutoff value ([Figure 1](#F0001){ref-type="fig"}). Thus, the patients were dichotomized into groups of "high AFP (≥ 155 ng/mL)" and "low AFP (\< 155 ng/mL)". In the univariate analysis, tumor size, TBIL (p=0.048), DBIL (p=0.037), AST (p=0.001), PLR (p=0.002), AFP≥155ng/mL (p\<0.001), lymphocytes (p=0.015), NLR (p\<0.001) and LMR (p=0.003) were potential risk factors for MVI ([Table 1](#T0001){ref-type="table"}). Subsequently, all these potential risk factors were recruited into multivariate analysis to adjust the effects of covariates for the presence of MVI. Only tumor size (OR=1.17, 95% CI: 1.11--1.23, p\<0.001), AFP≥155ng/mL (OR=1.65, 95% CI: 1.13--2.39, p=0.008) and NLR (OR=1.14, 95% CI: 1.00--1.29, p=0.042) were the independent risks for MVI ([Figure 2](#F0002){ref-type="fig"}).Figure 1Receiver operating characteristic (ROC) curves for AFP in HCC patients according to microvascular invasion (MVI)-positive.Figure 2Plot of independent risk factors predicting MVI based on multivariate logistic regression analysis.

Development And Validation Of An MVI-Predicting Nomogram {#S0003-S2003}
--------------------------------------------------------

The independent risk factors for MVI were further employed to establish the MVI risk estimation nomogram ([Figure 3](#F0003){ref-type="fig"}). The nomogram was internally validated using the C index and the bootstrap validation method. The nomogram showed a good discrimination for predicting the risk of MVI, with an C index of 0.71 (95% CI, 0.66--0.75) ([Figure 4](#F0004){ref-type="fig"}). In addition, calibration plots graphically showed good agreement between prediction and actual histopathologic confirmation on surgical specimens ([Figure 5](#F0005){ref-type="fig"}). DCA showed that using this nomogram to predict MVI added more benefit compared with the measures that treat all patients or treat none patients ([Figure 6](#F0006){ref-type="fig"}).Figure 3Nomogram to predict the risk of MVI preoperatively in HCC.Figure 4The accuracy of the nomogram for predicting MVI using ROC curve.Figure 5Calibration plot of the nomogram for predicting the risk of MVI.Figure 6Decision curve analysis of our nomogram.

Risk Of MVI Based On The Nomogram Scores {#S0003-S2004}
----------------------------------------

Sensitivity and specificity for predicting MVI at different cutoff values are summarized in [Table 2](#T0002){ref-type="table"}. Although higher cutoff values resulted in higher specificity, sensitivity rapidly dropped to a point at which the model may omit many true MVI patients. According to the maximum of the Youden index, the optimal cutoff values for the MVI-predicting nomogram predicted probability were set to be 0.44. The sensitivity, specificity, positive predictive value, and negative predictive value, when used in differentiating the presence from absence of MVI, were 61.64%, 71.53%, 64.13%, and 69.31%, respectively ([Table 3](#T0003){ref-type="table"}).Table 2Accuracy Of The Nomogram For Estimating The Risk Of MVI At Different Cutoff ValuesPredicted ProbabilityThresholdSensitivitySpecificityPPVNPV0.20−1.35100%2%46%100%0.30−0.8590%28%51%77%0.40−0.4068%58%57%69%0.50050%80%67%66%0.600.4132%89%70%61%0.700.8518%94%72%58%0.801.399%99%87%57%[^4] Table 3Accuracy Of The Nomogram For Estimating The Risk Of MVI At Optimal Threshold ValueVariablesValueSensitivity61.64%Specificity71.53%Positive predictive value64.13%Negative predictive value69.31%Positive likelihood ratio2.17Negative likelihood ratio0.54ROC area (95% CI)0.71 (0.66--0.75)Optimal threshold−0.25Predicted probability0.44[^5]

Discussion {#S0004}
==========

MVI was usually regarded as an important prognostic factor for HCC after curative treatment. However, recent studies show that MVI could help with clinical decision-making before surgery. For example, in 2009, Mazzaferro V showed that there was no significant difference in the 5-year survival rate after liver transplantation between using Milan criteria and MVI-negative Up-to-seven criteria.[@CIT0011] Besides, in 2017, Zhao and his team found that patients with MVI benefited from anatomical hepatectomy in terms of disease-free survival rate compared with non-anatomical hepatectomy.[@CIT0013] In 2019, a multi-center retrospective study showed that MVI-positive patients with widened surgical margin had longer disease-free survival and overall survival.[@CIT0010] Therefore, it is meaningful to predict the MVI preoperatively considering the importance of MVI for clinical decision-making.

In our analysis, we found that tumor size, AFP and NLR were the independent risk factors for MVI in HCC. Based on the risk factors, we established the nomogram to predict the presence of MVI. As for tumor size, Pawlik found it to be positively correlated with the MVI risk. For the tumor size less than 3 cm, the MVI risk was about 25%; for the tumor size between 3 cm and 5 cm, the MVI risk was about 40%; for the tumor size between 5 cm and 6.5 cm, the MVI risk moved up to 63%. Interestingly, tumor size above 5 cm is an independent risk factor for MVI in HCC.[@CIT0030] Now tumor size was widely accepted as a risk factor for MVI while the tumor size cut-off value for predicting MVI is still controversial.[@CIT0031]--[@CIT0039] Our study analyzed tumor size as a continuous variable, which can keep more information compared to other studies regarding tumor size as a discontinuous variable. As for AFP, due to the significant variation, we turned it into a discontinuous variable based on the maximum of Youden index. Back to 2005, Pawlik suggested that AFP above 1000ng/mL is an independent risk factor for poor prognosis of HCC patients.[@CIT0030] In 2010, Cucchetti demonstrated that AFP is an independent risk factor for MVI in HCC patients.[@CIT0040] However, Hirokawa arrived at a different conclusion which suggested that AFP was not related to MVI.[@CIT0041] Our analysis showed that AFP could be applied to predict the risk of MVI. As for NLR, Zheng showed that there was a significant difference between MVI-positive and MVI-negative group in NLR level using univariate analysis, but no difference was observed after multivariate analysis.[@CIT0019] Li's study also conformed this point.[@CIT0024] However, Yu and his team had a different opinion that NLR was a useful biomarker for predicting MVI in patients with HCC.[@CIT0042] In a word, our analysis highlights the predictive value of tumor size, AFP and NLR based on the data from Xiangya hospital.

For the clinical use of the nomogram, we summarized the sensitivity, specificity, positive predictive value, and negative predictive value in estimating the risk of MVI at different cutoff values. Besides, we determined the optimal cutoff values of predicted probability for MVI to be 0.44 based on the maximum of the Youden index. This means HCC patients with a predicted probability of 0.44 or less are a low-risk subgroup of MVI. Based on these preoperative predictions, a low-risk subgroup of MVI can still receive liver transplantation if they do not meet Milan criteria but meet Up-to-seven criteria due to no difference in the 5-year survival rate.[@CIT0011] Besides, the preoperative prediction for MVI could guide surgical management in the selection of operation methods (anatomical or non-anatomical resection) and width of surgical margins. Furthermore, it may serve as a selection tool during randomized clinical trials for evaluating the efficacy of liver resection in HCC patients with different MVI risks.

To our knowledge, this is the first nomogram of combining NLR into predictive models of MVI in HCC. However, our study had some limitations. First, this analysis was based on data from a single hospital. Second, this study is a retrospective study and some markers such as DCP and AFP-LC3 which are regarded as the independent risk factors for MVI are not included in our analysis due to limited data availability. Third, an external validation is necessary to confirm the prediction value of the nomogram. Finally, due to analysis based on clinicopathologic data, specific markers to estimate MVI might further improve the accuracy of the nomogram.

In conclusion, we demonstrated that tumor size, AFP and NLR are the independent risk factors of MVI in HCC. Through combining the independent risk factors, we have established a nomogram. The model could optimally estimate the risk of MVI in HCC patients and help with clinical decision-making before surgery.
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